The pyrolysis bio-oil which has been studied by many researchers has typically contained a high amount of water, around 20-30%. In this research, the effective bio-oil purification using chemical demulsification method has been studied to reduce the amount of water by breaking down the water-in-oil emulsion on pyrolysis bio-oil. A various dosage of chemical demulsifier (100 ppm, 150 ppm, 200 ppm, and 250 ppm) has been added into the pyrolysis bio-oil and the water separation over time also been observed. The temperature of bio-oil (30, 40, 50, 60, and 70 C) was also studied as a factor that could have a significant effect on the demulsification process of pyrolysis bio-oil. After the injection of 250 ppm of demulsifier at 30 C, the water separation reached a maximum of 72% in 60 minutes and could reduce the water content from 25% to 8.5%. At the temperature of 60 o C and 250 ppm of demulsifier, the water separation reached a maximum of 96% in 35 minutes, and successfully reduced the water content from 25% to 1.3%. Finally, it has been concluded that this bio-crude purification using chemical demulsification method could be applied to effectively reduce the amount of water from pyrolysis bio-oil product.
INTRODUCTION
Nowadays, the efforts to search for alternative energy sources that can reduce dependence on fossil energy, especially fuel oil, attract many researchers in the world to be able to find alternative energy sources. The problems caused by the use of fossil energy sources such as the diminishing oil resources are not comparable with the increasing of public demand for fuel oil. Moreover, environmental issues arising from the use of fossil fuels such as global warming, air pollution, etc. [1] causes the use of fossil energy as if it has a very broad negative impact when compared to its benefits. Concern of these problems, nowadays there are many technologies and innovations produced by researchers to be able to produce oil fuels that are more environmental friendly. As for Biofuel, it is fuel oil produced from the processing of energy sources derived from biomass or biomass waste which is expected to be able to replace the role of fuel oil derived from fossil energy.
One of the technologies currently being developed to convert biomass into an energy source is pyrolysis. Pyrolysis makes it possible to produce three different products namely Bio-Oil/Pyrolysis Oil, BioChar, and Syngas which are expected to contribute to the development of alternative fuels because they are efficient and environmentally friendly [2] . Bio-oil produced from the pyrolysis process of biomass itself is known as a dark brown liquid, slightly thick, and smells of smoke. However, Bio-oil is currently only an intermediate product which still requires processing technology to eventually be able to produce quality fuel oil products.
Furthermore, bio-oil products have so far been reviewed from the literature that has a characteristic that is relatively high water content. The water content in bio-oil products ranges from 15 to 30 wt%, depending on the water content found in the raw material and also the pyrolysis operating conditions. This relatively high water content is not only derived from the water content in the biomass feedstock but also comes from the dehydration process that occurs during the pyrolysis process takes place [3] . This high water content and one of the factors is the low heating value of bio-oil as a fuel besides its high oxygen level. High water content not only reduce the heating value of bio-oil but also consume large amounts of latent heat [4] . For example, Fast Pyrolysis Bio-oil (FPBO) products from pine woodchips produced by BTG Biomass Technology Group B.V (Enschede, Netherlands) have a water content of 25.5 wt% [5] . So that when viewed from the energy value or heating value, the bio-oil product has a relatively lower value when compared to other oil fuels produced from petroleum processing. The heating value of bio-oil products is usually lower than 20 MJ/kg, much lower than that found in fuel oil. In addition, another problem that can be caused by the high water content of bio-oil is increasing ignition delay, decreasing combustion rate and adiabatic flame temperatures during the combustion process, and also complicating the injection process [6] .
To process bio-oil into a high-quality fuel oil product, the purification process is very much needed after the production process. One of the most concern parameters is the water content. In fuels derived from petroleum, the water content is regulated in such a way and is very limited because it can reduce the quality of the fuel itself. Besides being able to cause a separate phase, the water content in fuel oil can also cause corrosion, problems in the burner or even the formation of emulsions [6] . For bio-oil itself, with high water content, it is very important to regulate because it can affect other characteristics and also the phase stability of bio-oil itself. High water and oxygen content cause non-volatility, high acidity, corrosiveness, and aging during storage. So that with the reduction of water content can increase stability and viscosity, reduce the acidity of bio-oil, but certainly requires expensive and appropriate techniques [7] . In bio-oil, water is an emulsion form and cannot be removed using physical methods such as centrifugation [8] . Moreover, bio-oil also contains low boiling (below 100 C) and water-soluble compounds. So, conventional drying methods or xylene distillation (ASTM D 95) cannot be used without significant loss of low molecular weight chemical components and the chemical components of the reaction secondary from the bio-oil liquid itself [9, 10] .
As a comparison, before processing crude oil in a refinery unit and turning it into a quality fuel product that can eventually be used, crude oil produced from production wells undergoes several purification processes. One of them is the separation of water which is produced along with the crude oil, because if this water content is not handled, it can disrupt the subsequent process of processing crude oil such as corrosion. The method commonly used to separate the water content from crude oil is chemical demulsification using an injection of chemicals, namely oil demulsifier. This type of chemical is specially designed to break the emulsion between water and oil so that the water can be separated from crude oil. This method has been widely used by oil producers and has proven effective in reducing the water content of crude oil but it never been tested in pyrolysis bio-oil. The use of oil demulsifier is expected to help accelerate and simplify the separation of water from crude oil so that water itself mixed with crude oil can separate into two layers, namely crude oil in the top layer and water in the bottom layer. Given the high water content in bio-oil, the use of chemical demulsification as bio-oil purification method becomes interesting to be studied and expected to be very helpful in developing bio-oil products produced from biomass pyrolysis.
MATERIALS AND METHODS

Materials
Pyrolysis bio-oil used in this research was produced from Palm Empty Fruit Bunch (PEFB) as biomass feedstock and the chemical demulsifier was kindly donated by Eonchemicals as one of oilfield chemical supplier in Indonesia. Table 1 shows the chemical product identification of chemical demulsifier used in this research. 
Methods
Pyrolysis Bio-Oil Production
The pyrolysis bio-oil production has been carried out using a pyrolizer unit which has been developed by the Energy and Environmental Engineering Laboratory at Universitas Sriwijaya with an operating temperature of 450 C and atmospheric pressure. At first, size reduction was carried out and then continued with the drying process. Next, the sieving process is carried out to get the appropriate size distribution. The prepared raw material was then fed into the pyrolysis reactor which has been preheated. Finally, the heating process was continued until the temperature of 450 C was reached and maintained. Condensed bio-oil liquid during the pyrolysis process was then accommodated using a receiver.
Initial Characterization of Pyrolysis Bio-Oil Product
The bio-oil products were then characterized to determine the initial parameters of bio-oil including bio-oil composition using GC-MS ISQ Series Trace TM 1300.
Emulsion preparation in pyrolysis bio-oil samples
To study the performance of the demulsifier in reducing the water content in the bio-oil pyrolysis product, water-in-oil emulsion was prepared for biooil. Based on the procedure carried out by Hajivand et al [11] , mixing was carried out between bio-oil and produced water by comparison (3:1 v/v) to obtain 25% (v/v) water content. Then proceed with constant stirring for 2 hours using a magnetic stirrer at medium speed at room temperature (30 C) to disperse the water droplets into bio-oil until the liquid is homogeneous and a stable emulsion is formed.
Application of chemical demulsification method to the pyrolysis bio-oil
The chemical demulsification was carried out using a bottle-test method based on references from Hajivand et al [11] . Varied amounts of demulsifiers were added to measuring cylinders such as test tubes or centrifuge tubes which contained 10 ml of bio-oil. Moreover, this test was also carried out with temperature variations from bio-oil to determine the optimum condition of bio-oil and the demulsifier used. Then after the addition of demulsifier, followed by a shaking process for 30 seconds to get a good mixing between demulsifier and emulsion on bio-oil. Furthermore, the separation of water is monitored based on the position of the water and bio-oil interfaces and then recorded based on the function of time to ensure the amount of water that is separated every 5 minutes for 60 minutes separation time. A bottle containing bio-oil without treatment is used as a reference (blank). The amount of water separation from bio-oil based on time is included in the graph which is defined as:
Where V 1 is a volume of separated water and V 2 is the initial volume of the water in emulsion [11, 12, 13] .
RESULTS AND DISCUSSION
Initial Characterization of Pyrolysis Bio-Oil Product
From Figure. 1, it appears a dark, slightly thick oily liquid which is characteristic of bio-oil products themselves. The chemical composition obtained from GC-MS analysis of bio-oil products shown in Table 2 : Based on the literature review that has been done previously and from the results of the composition analysis carried out on bio-oil products, it is known that organic acids such as carboxylic acid contained in bio-oil products. Those compounds were actually emulsifying agents whose presence could be a cause of the stability of water-in-oil emulsion and finally resulting in high water content. Emulsifying agents could form an interfacial layer that surrounds the droplets of water dispersed into bio-oil and causes stability of the water-in-oil emulsion resulting in high-water content on the bio-oil product.
In addition, the content of phenolic compounds which causes a low pH of bio-oil so that it helps promote the stability of the emulsion. Through this chemical demulsification method, the addition of oil demulsifier was able to break down water-in-oil emulsions so that the water contained in bio-oil can be effectively separated.
Effect of demulsifier dose variation against water separation from pyrolysis bio-oil products
This experiment was conducted with the aim to determine the ability of demulsifiers to break down water-in-oil emulsions present in bio-oil and to see the relationship between demulsifier doses to demulsification efficiency so that the optimum dosage for the demulsification process can be known. When the demulsifier works, the interfacial layer surrounding the droplets of water is thinning and then breaks causing the water droplets to separate from bio-oil and over time they will join each other and form a layer of water which is then under the bio-oil layer. The formation of these two layers is due to the difference in density between water and bio-oil itself. Two different conditions of bio-oil products as shown in Figure 2 , namely before and after the demulsification process. As explained earlier, the success of the demulsifier works to break down the water-in-oil emulsion that is present in bio-oil. The liquid is water that has been separated from bio-oil. The yellow color can be due to the presence of a water-soluble compound that follows the water layer. But in terms of the level of clarity, the water layer looks clear. This indicates that the type of demulsifier used is suitable for application to bio-oil pyrolysis products from palm empty fruit bunches.
The relationship between demulsifier dose variations against the percentage of water separation as shown in Figure 3 , shows that there was a different percentage of water separation at each dose of the demulsifier given. This shows that the addition of a certain dose of demulsifier had an effect on the separation of water from bio-oil. The higher the demulsifier dose, the higher the percentage of water separation. Higher doses of 250 ppm was more effective and able to break down the interfacial layer surrounding the water droplets found in bio-oil so as to accelerate the coalescence of the water droplets. In industrial applications, the higher the dosage used means the faster the separation time will be obtained but the costs for the demulsifier used will be also higher, but vice versa, the lower the dose used, the lower the cost for demulsifier, but it will take longer time for separation and greater equipment capacity.
Effect of bio-oil temperature on demulsifier performance
From the first observations made, it was found that at a dose of 250 ppm the highest separation results were compared with other dosage variations which reached 72% within 60 minutes. The second experiment was conducted to determine the factors that can affect the performance of demulsifiers so that they can be more effective in the process of demulsification, especially in terms of the percentage of water separation and also the time of separation. The second observation was done to see the effect of bio-oil temperature variations in terms of the percentage of water separation, with an injection of 250 ppm of demulsifier.
As shown in Figure 4 , it could be seen that with the increase of bio-oil temperature for the demulsification process, there was a significant increase in the percentage of water separation from bio-oil. In addition, it was also seen from the time of separation, the separation process occurs in a shorter time. The maximum water separation was reached after 35 minutes, faster than before which is 60 minutes. At 40 C, the 48% of water separation was achieved after 35 minutes, higher than before at 30 C which is 36%. The increase also occurred at bio-oil temperatures of 50, 60, and 70 C which reached 64%, 92%, and 96% of water separation. This shows that control of the bio-oil temperature greatly influences the performance of the demulsifier in the demulsification process. The higher the temperature of bio-oil for the demulsification process, the more the percentage of water separation will be increased. This is because the higher temperatures help accelerate the movement of the water droplets contained in bio-oil, thus increasing the frequency of coalescence these droplets which has a positive impact on the shorter separation time [14] .
In addition, it also had a destabilizing effect on the interfacial layer because the interfacial viscosity decreases with increasing temperature. But it should keep in mind that the increase of bio-oil temperature was limited due to low boiling compound that might be lost in higher temperature.
CONCLUSION
The chemical demulsification method can be applied as a purification method in reducing the water content of the bio-oil pyrolysis product and has provided good and effective results. Pyrolysis bio-oil contains a number of carboxylic acids and other chemical components which act as emulsifying agents that cause water-in-oil emulsion stability in bio-oil. In addition, the phenolic compound content also helps promote the stability of water-in-oil emulsions because it causes low pH of bio-oil. Oil demulsifier can work well to break the interfacial layer that surrounds the water droplets so that the water droplets can join each other to form a separate layer of bio-oil and then finally can be separated. 
